Introduction
For the past several years the majority of experiments that detected gamma-rays above 10.0 MeV involved large volume NaI detectors with anticoincidence shields surrounding them.l These shields serve two purposes: first, they veto cosmic ray events, and second, they reject gamma-ray events that do not deposit their total energy in the crystal.
Recently bismuth germanate (Bi4Ge3012), or BGO, scintillators have been developed with many properties that may make them an attractive alternative to NaI in many applications2,3*
In our particular experiment we detect gamma rays following high-energy neutron capture using a white neutron source. The requirements of our detector system are that it have good energy and time resolution, high efficiency, and low sensitivity to neutron backgrounds.
Since we require an array of detectors to simultaneously measure the angular distribution of the radiation along with the excitation function, NaI detectors with anticoincidence shields seem impractical. We therefore decided to construct a detector system consisting of five 7.6-cm-long by 7 .6-cm-diam-BGO scintillators spanning an angular range from 140 to 45 degrees in the reaction plane. In addition large BGO cystals often contain trapped bubbles, which scatter the light. All these factors tend to limit the resolution of the scintillator.
Energy resolution
The energy resolution of a 7.6 by 7 time-to-amplitude converter (TAC) was obtained from a beam pickoff located in front of the target. We derived the stop pulse for the TAC from the anode output pulse of the PMT using a constant fraction timing discriminator to minimize timing walk. The data were acquired into a 512 by 512 channel twodimensional array of gamma-ray energy vs time from the start pulse to the gamma-ray event. The time spectra for various energy bins were subsequently projected from the 2-D array, fitted to gaussians, and their FWHM were obtained. Figure 5 shows the time spectrum for gamma-ray energies between 10 and 20 MeV. Figure 6 shows For example, in a recent experiment the 17-14eV gamma ray from the 12C(t,y) reaction was detected with both our usual 24.5-cm-long by i5-cm diam NaI detector and a 7.6 by 7.6 cm BGO. Because of the massive active and passive shielding surrounding the NaI detector its distance to the target could not be less than 100 cm, while the distance to the BGO detector was 40 cm and could have been even closer.
The product of efficiency and solid angle for the NaI was 0.003 and for the BGO detector 0.01.
Since we plan to investigate this reaction with a polarized tritium beam, we will be limited by beam current and will need as much sensitivity as possible. In this case the BGO detector would be at least three times more sensitive than NaI.
In many experiments that detect high-energygamma rays, the detector is also subject to large neutron fluxes. cm in a 7.6-cm-long sample of BGO. With such a small attenuation length it is difficult to attain good resolution in large BGO scintillators for two reasons. First, the overall intensity of the light incident on the photocathode of the PMT is reduced, and second, there is a variation in pulse-height when different regions of the crystal are illuminated. We measured a pulse-height variation of 2% between the front and back of a 7.6 by 7.6 cm BGO using a 22Na source.
The effect of self-absorption of light may be reduced if several PMTs view the crystal, or if the surfaces of the crystal are properly graded.
The problem of coupling the light from the crystal to a PMT is basically due to the large index of refraction of BGO. A Monte-Carlo calculation for a 7.6 by 7.6 cm BGO 
